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At the binary level, a file is a list of bytes
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60

Divide a file into B data blocks of width W, /
Y

Extract S Sub-Blocks from each block B

Y

For each block, apply a function hi to the S sub-blocks

.| and keep the highest valued representation obtained, 63

which is the imprint of that block for h;; associate and /
store extra data for that imprint

' o4

Continue for each h;. All the computed imprints make /
the signature of the file. Each imprint is assigned to the
file and stored for future reference.

62

N

FIGURE 5A
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At least a portion of the file is being transferred,
output report / take appropriate action
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1
FILE PRESENCE DETECTION AND
MONITORING

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application claims priority from U.S. provi-
sional patent application No. 61/057,944, entitled “Network
file transmission monitoring”, filed on Jun. 2, 2008, the speci-
fication of which is hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to file presence monitoring,
and more particularly, to the detection of a particular file or
portion of a file, as it is being transmitted from a source to a
destination or stored on a storage medium.

BACKGROUND

Many organizations need to ensure that certain files are not
transmitted over a network, or are transmitted in a secure
manner, in order to maintain confidentiality of these files.
This can be achieved by monitoring a network for known file
transfers which are for example, sent from non-authorized
sources, or to non-authorized destinations, or propagated
over a non-expected part of a network, and at a non-probable
time. Government and public security agencies also benefit
from cyber-watch or cyber-surveillance to catch potential
offenses, illicit file possessions and the like. Cyber-surveil-
lance is also helpful in the fight against cyber-viruses and to
enforce copyright protection.

Current cyber-surveillance is typically achieved using soft-
ware-based “sniffers” which extract certain patterns or char-
acteristics from data transmitted over a network. Once
extracted, the data is then analyzed. In most cases, data that
has been transmitted on various network layers is entirely
reconstructed before further processing can be done to iden-
tify the file. Such schemes are time consuming and require a
considerable amount of processing resources. File detection
is thus only achieved after the data has been transmitted over
the network, even where the transfer occurs at relatively low
data rates such as 100 Mb/s.

There is therefore a need for an improved method and
system for detecting known files, either during transmission
or statically when stored on a medium.

SUMMARY

There is described herein methods and systems for detect-
ing known files, either during transmission of an electronic
file over a network or when the file is stored on a medium.

According to a first embodiment, there is provided a mod-
ule for detecting a known electronic file, the module embod-
ied on a computer readable medium and configured for:
receiving a portion of a file and extracting content from the
portion; applying an initial function numerous times to the
content, the initial function being applied to each one of a
plurality of blocks of elements within the content and result-
ing in a representation for each one of the blocks; selecting
one of the representations from multiple representations as an
initial imprint for the file portion; comparing the initial
imprint to contents of a first memory containing a plurality of
detection imprints for known electronic files to be detected,
the detection imprints having been created using at least the

10

20

25

30

35

40

45

50

55

2

initial function; and determining a match when the initial
imprint corresponds to a detection imprint in the first
memory.

According to another embodiment, there is provided a
network executing a software process for detecting a known
electronic file, the network containing at least one computer,
the computer configured for: receiving a portion of a file and
extracting content from the portion; applying an initial func-
tion numerous times to the content, the initial function being
applied to each one of a plurality of blocks of elements within
the content and resulting in a representation for each one of
the blocks; selecting one of the representations from multiple
representations as an initial imprint for the file portion; com-
paring the initial imprint to contents of a first memory con-
taining a plurality of detection imprints for known electronic
files to be detected, the detection imprints having been cre-
ated using at least the initial function; and determining a
match when the initial imprint corresponds to a detection
imprint in the first memory.

According to another embodiment, there is provided a
computer-implemented method for detecting a known elec-
tronic file, the method comprising the steps of: receiving a
portion of a file and extracting content from the portion;
applying an initial function numerous times to the content, the
initial function being applied to each one of a plurality of
blocks of elements within the content and resulting in a rep-
resentation for each one of the blocks; selecting one of the
representations from multiple representations as an initial
imprint for the file portion; comparing the initial imprint to
contents of a first memory containing a plurality of detection
imprints for known electronic files to be detected, the detec-
tion imprints having been created using at least the initial
function; and determining a match when the initial imprint
corresponds to a detection imprint in the first memory.

According to yet another embodiment, there is provided a
network of digital devices for detecting a known electronic
file, the network of digital devices configured for receiving a
portion of a file and extracting content from the portion;
applying an initial function numerous times to the content, the
initial function being applied to each one of a plurality of
blocks of elements within the content and resulting in a rep-
resentation for each one of the blocks; selecting one of the
representations from multiple representations as an initial
imprint for the file portion; comparing the initial imprint to
contents of a first memory containing a plurality of detection
imprints for known electronic files to be detected, the detec-
tion imprints having been created using at least the initial
function; and determining a match when the initial imprint
corresponds to a detection imprint in the first memory.

The network of digital devices may include processors,
memories, microcontrollers, microprocessors, field program-
mable gate arrays, logical gate arrays, semiconductor devices
such as transistors, or any equivalent or known digital devices
that may be configured accordingly.

It should be understood that the methods and systems may
beused to detect the presence of a file or a portion of a file over
anetwork or stored on a storage medium. Having a portion of
a file pass through a first router/server and another portion of
the same file pass through a second router/server may lead to
only some of the representations being detected, but if enough
of them are received then the file can be detected. The same
applies to portions of a file stored on a medium, such as a hard
drive,aDVD, a CD, a USB key, or any other support medium.
When a file is stored, it may be fragmented into parts and
stored in various sectors or segments of the medium. The
sectioned portions of the file may be detected even if they are
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not stored in two consecutive sectors and even if not all the
segments are present (e.g. partially deleted files).

In the present specification, the term “representation”
refers to a distinguishing mark assigned to a group of ele-
ments belonging to a portion of a file to be monitored, or to a
file portion being detected. The “representation” can be
assigned by applying a function to the group of elements. The
term “function” applies to any function, mathematical or
non-mathematical, that will transform the element into some-
thing that may then be used as a representation. In some
embodiments, the function will reduce the overall number of
bits being considered ina bit file, such as a hashing or a sliding
hashing function. However, other types of functions may be
used, such as a function that transforms a set of bits into a
numerical value, or a function that will take structural data
elements in a zero-dimensional file and create a representa-
tion therefrom.

Additionally, in the present specification, the term
“imprint” refers to a representation or a group of representa-
tions which are selected from an initial set of representations
assigned to a same group of elements, such as bits, belonging
to a portion of a file or to a file. The selection can be done
using one or a set of functions, or arbitrarily. The imprint is
then assigned to the portion of the file or to the file. [fonly one
representation is assigned to a group of elements, the repre-
sentation forms the imprint for that group of elements.

The expression “extra data” refers to a portion of the file
that includes the group of bits associated to an “imprint” and
it corresponds to data surrounding those bits, including those
bits. The amount of data selected as “extra data” is variable
and will depend on the level of confidence which is desired for
a given match. The extra data are not mandatory.

Finally, in the present specification, the term “signature”
refers to multiple imprints which are assigned to one entire
file to be monitored. The signature contains all the imprints
determined for one file. If only one imprint is assigned to a
file, this imprint forms the file signature.

The module embodied on a computer readable medium
may be provided on a USB key, on a cell phone, on a hard
drive, on a CD/DVD, or on any other type of support or
memory for electronic media.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made to the accompanying draw-
ings, showing by way of illustration embodiments thereofand
in which:

FIG. 1a is a flow chart of a method for detecting the pres-
ence of a file over a network or in a media, in accordance with
one embodiment;

FIG. 15 s a flow chart illustrating the step of configuring of
FIG. 1a;

FIG. 2 is a schematic representation of an example of a
division of a file, or of a file portion, to determine imprints
associated thereto, in accordance with one embodiment;

FIG. 3a is an example of a text file portion on which an
imprint and extra data are provided in accordance with one
embodiment;

FIG. 356 illustrates an example of the text file portion of
FIG. 3a being represented at the binary level and a sliding
hashing function being applied to the file portion;

FIG. 4a is a sample block of text taken from Alice in
Wonderland;

FIG. 4bis the sample block of text from FIG. 4a after it has
been filtered;
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FIG. 4c illustrates the filtered block of text while the hash-
ing algorithm is being applied and a current hash-value is not
retained as a max hash-value;

FIG. 4d illustrates the filtered block of text while the hash-
ing algorithm is being applied and a current hash-value is
retained as a max hash-value;

FIG. 5a is a flow chart showing an embodiment of the
method of FIG. 15;

FIG. 5b is a flow chart showing an embodiment of the
method of FIG. 1a;

FIG. 6 is a system configured for detecting a presence of a
file portion on a transmission, in accordance with one
embodiment; and

FIG. 7 is a module configured for detecting a presence of a
file portion on a storage medium, in accordance with one
embodiment.

It will be noted that throughout the appended drawings,
like features are identified by like reference numerals.

DETAILED DESCRIPTION

Electronic files can be transmitted over a network or stored
on a static memory. In both cases they are fragmented into
various file portions. In the case of a transmission, these
portions are data packets. For a stored file, each portion can
correspond to a track on a CD/DVD, or to a fragmented part
of'the file when stored on a hard drive, for example. Detection
of a file does not require re-assembly of all portions when
using the method described herein. The method and module
herein disclosed permits the detection, in real-time, of the
presence of a file or a portion of the file on a storage medium,
or of the transmission of a given file or transmission of a
portion of the file over a network or a network channel. The
file does not need to be entirely present.

Referring to FIG. 1a, the method for detecting the presence
of a file over a network or stored on a medium comprises the
following steps. In step 10, a database is configured with file
signatures each assigned to a file to be detected. The file
signatures are obtained by applying one or more functions to
portions of each file. Each file signature is built by assigning
atleast one imprint to each portion of the file. This step will be
further detailed below. Once the file signatures are deter-
mined and stored in the database, the method permits the
detection of one of the files or a portion of one of the files over
the network as it is being transmitted, or the detection of a file
or portion of a file present on a storage medium.

In step 20, a file is being analyzed. Each file portion con-
tains elements related to the content of the file (such as pay-
load bits), as well as encapsulation packaging and formatting
elements. In a case of file transmission, these elements can
indicate a source and a destination of transmission, and define
protocol and formatting layers. Alternatively, the packaging
and formatting elements can indicate a storage sector or, for
example, a memory on which the file is stored.

In step 22, the payload bits are extracted from the file
portion. Note that the protocol layers of the file portion do not
need to be extracted, but rather only the information that is
necessary for the further steps of detection. Referring to FIG.
3A, there is illustrated an example of a portion 300 of an
electronic file for which an imprint 310 and extra data 320 are
shown in accordance with one embodiment. In the case that
some or all of the protocol information is also extracted from
the file portion, it can be disregarded and treated as noise. This
is performed when the file portion is analyzed. When extract-
ing the payload bits, information such as a source and desti-
nation, sector, target port number or any other useful infor-
mation being exchanged over the network can be stored
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separately to report additional information regarding the file
transmission or storage once it is detected. Step 22 can
involve filtering the payload bits to remove undesired bytes
302 such as spaces, tabs, end of lines, null characters or trivial
redundancies.

In step 24, an imprint is assigned to the file portion by
analyzing the content. This step may be performed while the
file portion is passing over the network, in real-time. Step 24
involves applying the same function used at the time a signa-
ture is assigned to a file to obtain the imprint for the file
portion.

In step 26, the imprint from a file portion is compared with
all of the imprints of file signatures stored in the database. The
database may be any form of memory or storage means.

In step 27, it is determined whether the imprint of the file
portion matches one of the file portion imprints in the file
signatures. If so, the method goes to step 28. If not, the
method returns to step 22 with a next file portion.

In step 28, the method compares the extra data correspond-
ing to the file portion imprint with the extra data of the imprint
in the database found to be a match.

In step 29, it is determined whether extra data correspond-
ing to the file portion imprint match the extra data of the
matching imprint in the database to prevent random and par-
tial matches. If so, the method goes to step 30. If not, the
method returns to step 22 with a next file portion.

In step 30, a match is found. This indicates that at least a
portion of the file associated with the file signature has been
detected. This indication is referred to as a trace of a file
presence. In other words, a trace is an indication that a file
portion contains at least part of a given file being monitored.
When a trace is detected, there is an elevated probability that
the file associated with the matched file signature is indeed
being transmitted over the network or stored on the storage
medium. Step 30 involves reporting and storing the trace once
it is determined from a matching between an imprint of a file
portion and an imprint from a file signature. In the case of a
file transmission, step 30 can also report a source and a
destination of the file portion’s transmission to a user or store
such information for statistical purposes. In one embodiment,
the entire file portion (including formatting information) is
saved to allow any information to be extracted therefrom at
any time in the future. In the case of a file stored on a storage
medium, step 30 can also report any information related to the
device or a location of the detected file portion on the storage
medium.

In step 32, the method continues with a next file portion.
Steps 22 to 32 are therefore repeated for each one of the file
portions.

FIG. 15 illustrates in more detail step 10 of FIG. 1a, which
corresponds to the initialization phase of the method whereby
a database or memory is configured with detection imprints
and signatures. In step 40, a file, or a portion of a file, is
divided into a given number of data blocks. Each one of the
data blocks therefore contains a number of bits belonging to
the file. As indicated above, it is also possible to filter the file
prior to dividing it into a number of data blocks.

In step 42, each data block is assigned to at least one
representation. The representation can be any one of a
numerical value, a mark or any form of characterization of the
bits in the data block.

In one embodiment, each data block is further broken down
into sub-blocks (further detailed in FIG. 3B) and each sub-
block has a representation assigned thereto. In this case, one
of'the representations is selected as an imprint for each block.
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This is illustrated in step 43. If the blocks are not further
broken down into sub-blocks, a block representation becomes
an imprint for that block.

In step 45, extra data is stored in a database and associated
to each imprint. The extra data is data surrounding the portion
of'the file associated with each imprint and permits a second
level of confirmation of a detection for a file portion. In step
45, a file signature is determined using the imprints assigned
to the data blocks.

In step 46, the file signature and the extra data are stored in
a database. An identification of the file to which these signa-
tures are associated with can also be stored. The database can
be any structure enabling quick retrieval of the information
such as a hash table, an associative memory, an indexed
memory, and others. The extra data may also be stored in a
memory allowing slower retrieval of the information, given
that it is used less often and only when an imprint match
occurs. The memory storing the extra data may be remote to
the module or computer doing the actual detection.

In step 48, the system moves on to the next file or file
portion in the database. Steps 40 to 46 are then repeated for
this next file or file portion. Steps 40 to 48 produce a database
of file signatures to be used for detecting files.

The present method is independent of protocol type and is
tolerant to small changes to a file at the byte level. In the case
of'the detection of a file sent by email, the file may be encoded
in BASE64 for example. In order to allow the detection of
data presence in this format as well, both the original file and
the BASE64 encoded files must be considered.

FIG. 2 illustrates an example of a division of a file or a
portion of a file as performed in step 40 of FIG. 14.

The file portion 50 is divided into a number of data blocks
52 having a width (also referred to as a window) of size W,.
As illustrated in FIG. 2, the data blocks 52 overlap each other.
Overlapping is optional. The overlapping scheme however
generally ensures a higher probability of detecting a trace or
a file transmission. To increase the probability of detecting a
file transmission, an overlapping scheme may be used when
dividing the file or portion of the file into blocks (and sub-
blocks).

FIG. 35 illustrates a list of letters as a list of bytes when
represented at the binary level 352. When applying a plurality
otf'hashing functions to a consecutive sequence of bits, with a
large overlap as per one embodiment, a sliding hash may be
used 354. In an embodiment where the difference between
each window being hashed is a single byte, the result of the
sliding hash is that you have as many hashes as the number of
bytes in the block of bytes. At least one of the hashes is then
chosen as the imprint for this block (or file portion).

FIG. 4a is an illustrative example of part of a text, taken
from the story Alice in Wonderland. These paragraphs repre-
sent a portion of a file, the file containing the entire story. In
FIG. 45, the text has been filtered to remove spaces and other
unnecessary information. In FIG. 4¢, the sliding hash is being
applied to each series of 16 letters, and the third hash is
illustrated. The hash value of this third hash is
“Ox3ead6b31ca87544”. In this embodiment, the method is
looking for the highest hashing value and so the current
hash-value is compared to the last recorded highest value,
which is identified as the “current imprint” and corresponds
to “Oxedbb925b6cabb761”. This hexadecimal value is higher
than the current calculated hash value, and therefore the cur-
rent value is not kept. FIG. 44 illustrates a further current
hash-value which when compared to the previous “current
imprint”, was found to be higher and is therefore stored as the
new “current imprint”. Using this approach, the algorithm can
be applied to the file in a systematic way and only a single



US 9,264,434 B2

7

value is stored at any one time. Alternative approaches are
also possible, whereby each current hash-value is stored and
the imprint is selected after all hashes have been applied.

Now referring to FIG. 5a, there is provided a detailed
exemplary embodiment for steps 40 to 46 in the method of
FIG. 15

In step 60, the file is divided into B data blocks, each of
width W,. The width W, can be made constant for all data
blocks, or alternatively vary according to a given parameter,
such as a known behavior.

For example, a file containing 20,480 bytes can be filtered
to remove 480 bytes. The remaining 20,000 bytes are divided
into B=4 overlapping data blocks:

bl=file [1 ... 5015] (5015 bytes in size)

b2=file [5001 . .. 10015] (5015 bytes in size)

b3=file [10001 . . . 5015] (5015 bytes in size)

bd=file [15001 . . . 20000] (5000 bytes in size)

In step 62, to assign at least one representation to each data
block as per step 42 of FIG. 15, a group of N functions h; are
applied to each one of the B data blocks, N being any integer
from 1 to N. The application of the functions h, results in N
representations being assigned to each one of the data blocks
b1, b2, b3 and b4 for example, as a result of the N functions of
h, applied thereto. In reference to FIG. 35, the function h, can
be a sliding hash function 354 for example, in which case a
hash function HF, is applied to all possible contiguous S
sub-blocks of width W, pre-extracted from each of the B data
blocks. The application of the group of N functions to one
data block therefore results in NxS representations being
assigned to one data block, S being the number of sub-blocks.
The representations can be any distinguishing attribute, such
as numerical values or others.

In the above example of data blocks bl to b4, N hash
functions are applied to each sub-block of width W,=16 bytes
for example:

Data block bl has S=5000 sub-blocks of width 16
extracted therefrom:

file[1...16], file[2 ... 17], ... file[5000 . . . 5015]

Data block b4 has S=4985 sub-blocks of width 16
extracted therefrom:

file[15001 . . . 15016], . . . file[19985 . .. 20000]

In step 63, given N=3, 3 hash functions HF, are applied to
each sub-block S of each data block b1 to b4. This results in
each data block B having 3 sets of 5000 hash results assigned
thereto. The hash function HF, may consist in multiplying the
numerical value of a sub-block by a constant ¢, and then to
calculate the remainder using a modulo M (i.e. HF (v)=v*c,
modulo M). A function HF, is therefore applied to the S
sub-blocks of each block resulting in S hashes for each block
and h,. A function m, will select one of them, according to a
given criteria, to be the imprint of that block for h,. Extra data
associated with the bits from that imprint are also stored.

Inthe above example of data blocks b1 to b4, given N=3, b1
has three maximums M1, M2 and M3 which are each selected
from three sets of 5000 hashes resulting from HF |, HF, and
HF, respectively. The same occurs for b2 to b4, for a total of
12 maximums M1 to M12. The twelve selected values M1 to
M12 are referred to as file imprints, and correspond to BxN,
or 4 multiplied by 3.

The file signature and the extra data are then stored in a
database in step 64.

It is noted that the representations resulting for one data
block may not necessarily be numerical values, but alterna-
tively, symbols, tags or any other characteristic element.

FIG. 5b illustrates a more detailed exemplary embodiment
ofthe method as illustrated in FIG. 14, in accordance with one
embodiment. After having extracted the payload bits from the

5

10

15

20

25

30

35

40

45

50

55

60

65

8

file portion in step 22, step 70 divides the payload bits of the
file portion into J data blocks of window W';, T and W', being
chosen arbitrarily.

To assign an imprint to the file portion as in step (refer to
FIG.1a), N functions h,, where i is any integer from 1 to N, are
applied in step 74 to each block J of the file portion. The
function b, is the same function as in step 63 of FIG. 5a. The
application of these N functions h, results in a group of N
representations being assigned to each data block in the
packet. In reference to FIG. 34, the function h, can be a sliding
hash function 354 for example, in which case a hash function
HF, is applied to all possible contiguous T sub-blocks of
width W', pre-extracted from each of the J data blocks. The
application of the group of N functions to one data block
therefore results in NxT representations being assigned to
one data block, T being the number of sub-blocks. The rep-
resentations can be any distinguishing attribute, such as
numerical values or others.

As an example, given a file portion of size 1515 bytes and
apayload of size 1465 bytes, from which 65 bytes are option-
ally removed therefrom for a payload of 1400 bytes, and J=2:
the payload bits are divided into overlapping blocks
jl=packet [1 . . . 715] of size 715 bytes and j2=packet
[701 . . . 1400] of size 700 bytes. N functions h, are then
applied to each one of the data blocks j1 and j2. If the func-
tions h, are sliding hash functions for example, each one of the
data blocks j1 and j2 are further sub-divided into a number of
contiguous and overlapping sub-blocks T of width W',=16.

For N=3: Data block j1 is further divided into a number of
sub-blocks T=700: packet[1 . .. 16], packet [2 ... 17], ...
packet[700 . ..715]. N=3 hash functions HF, are then applied
to each sub-block, which results in three sets of 700 hashes
shl, sh2 and sh3, for 2100 values in total being associated to
the data block j1.

Similarly, data block j2 is further divided into T=685:
packet[701 . .. 715], . .. packet [1385 ... 1400]. N=3 hash
functions HF, are then applied to each sub-block, which
results in three sets of 685 hashes sh1, sh2 and sh3, for 2055
values in total being associated to the data block j2.

To determine the imprints of the payload bits, one of the
representations assigned to each data block is selected in step
74 by applying the function m, (refer to step 63 in FIG. 5q).
The function m, can be any function which selects one repre-
sentation based on a pre-defined selection criteria and corre-
sponds to the function used in assigning the signatures at the
time the signature database is created. For example, the rep-
resentations can be initially ordered according to an impor-
tance criteria and the most or least important representation is
selected.

When m; corresponds to a maximum, for example, the
representations assigned in step 74 are compared to each
other for each block to determine a highest valued represen-
tation. These NxJ highest valued representations are then
assigned to the payload bit as their imprints, similarly to step
24 (refer to FIG. 1a) or to step 63 in FIG. 5a.

In the above example of j1 and j2, one maximum value is
chosen for each set of hashes sh1, sh2 and sh3 assigned to a
block. For j1: m1 is chosen from the first set of 700 hashes
sh1; m2 is chosen from the first set of 700 hashes sh2; and m3
is chosen from the first set of 700 hashes sh3. The same occurs
for j2.

It is noted that h; and m; may be chosen differently. For
example, m, may not necessarily correspond to a maximum
value from the values associated to each data block, it may
correspond to any value from each group of T values assigned
to a block after applying HF,, the selection being based on a
given selection criteria, or a ranking of all the representations
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according to a given order of importance. A minimum value
could thus also be selected. The functions m, can be any
function which selects any one representation deemed dis-
tinctive from a group of representations. Theh, in 63 (F1G.5q)
should be the same as (or at least compatible with) the h, in 74
(FIG. 5b).

In step 76, since multiple imprints are determined for one
file portion, and multiple file imprints form each file signature
as determined in step 63 in FIG. 5a, the multiple imprints of
the file portion are compared to the multiple file imprints of
each file signature.

Step 78 is similar to step 27 of FIG. 1a, in which a match is
determined between the file portion imprints and the file
imprints forming the file signature. If no match is detected,
the method returns to step 22. If a match is detected, the extra
data are compared 28. A trace of file presence is reported in
step 30 when a match is determined in step 29.

In step 80, an overall amount of stored traces for a given
file, as detected via the detection on a transmission or on a
storage medium of multiple file portions for which the
imprints match the file’s signature, is compared to a threshold
amount. Above the threshold amount, there is a very high
probability that the packet belongs to the file and thus that the
file is being transmitted over the network. The threshold
amount can be set by a user or determined by a suitable
probabilistic algorithm. A maximum threshold amount is set
to correspond to a total number of file imprints in a file
signature.

Alternatively to the above, step 80 involves using a custom
algorithm to determine if at least a portion of the file is present
based on the number of traces detected and their associated
extra data for that portion of file, and/or based on a content of
a file portion for which a trace of transmission of that portion
of file is detected.

If'the file is detected, the method proceeds to step 82, if not,
the method returns to step 22 and continues for a subsequent
file portion passing over the network or otherwise being
detected. In step 82, the presence of the file is detected and a
report is outputted to indicate that file portion of the file is
present. As an alternative to a report, an alarm can be set to
inform a user of a known file detection. The report can also
simply be stored for statistical analysis or other monitoring
purposes. In the case of a file transmission, an action can also
be taken upon detection of an undesired file transmission. For
example, the transmission can be blocked before all the pack-
ets arrive at destination. Also, all subsequent file transfers
coming from a same IP address as the one from which a
detected file originated can be saved to be analyzed at a later
time. Step 82 may involve outputting information relative to
the file transmission, such as the Internet protocol (IP)
address, or the network address, or the source and destination
of the file transmission, as optionally extracted from the file
portions in addition to the payload bits in step 22.

Now referring to FIG. 6, which illustrates an embodiment
of' a module 90 for detecting a transmission of a file over a
network. The module 90 has two databases, 92 and 94, a
processing device 96, an application 98, an input/output
device 100 and an alarm 102. The module 90 operates to
collect file portions circulating on various channels of the
network 104, from a source 106 to a destination 108, or in
some cases simply a router. It is noted that the network 104
can be any type of network; i.e. Internet, a local area network
(LAN), wide area network (WAN), a wireless network or any
other type of data transmission network. In another embodi-
ment, the network can be a computer system such as a Per-
sonal Computer (PC). In yet another embodiment, the source
can be any extension memory such as a USB storage medium
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or an external hard drive. The module 90 may operate on any
type of computing device and is embodied on any type of
computer readable medium. A Field Programmable Gate
Array (FPGA) having programmable logic thereon may also
be configured to operate any and/or all of the steps of the
method described herein.

Now referring to FIG. 7, which illustrates an embodiment
of the module 90 for detecting a storage of an electronic file
on a persistent memory 120. In this case, the module 90 is
configured for reading data on the storage medium and scans
sectors to detect the presence of a file portion.

In another embodiment, the persistent memory 120 can be
a hard disk, CD, DVD or the like where files are split into
sectors. The module 90 may detect file portions on the per-
sistent memory 120 and determine whether or not they match
a detection imprint and extra data corresponding to the detec-
tion imprint. It is noted that the module 90 can be a computer
in a network executing a software process for detecting a file
portion. The module 90 may operate on any type of comput-
ing device and is embodied on any type of computer readable
medium. The module may also be embodied in a Field Pro-
grammable Gate Array (FPGA), or any other type of pro-
grammable processor.

The module 90 of FIGS. 6 and 7 is configured to implement
the above-described method, as illustrated by the flow charts
of FIGS. 1a, 15, 5a and 5b.

The database 92 stores files for which presence shall be
detected or monitored over the network 104 or from the
persistent memory 120. The database 92 also stores extra data
associated to each imprint of each file to be detected. This is
optional as the files may also be stored remotely and accessed
via the Internet or another method. The database 94 stores
signatures formed from imprints of portions of these files
along with an indication as to which file the signatures are
assigned. Databases 92 and 94 can be any structure enabling
quick retrieval of the information such as a hash table, an
associative memory, an indexed memory, and others. Data-
base 92 does not need to enable particularly quick retrieval. In
addition, they may be combined into a single database or can
each be implemented with multiple databases on multiple
memory devices linked together in any suitable manner.

The processing device 96 is coupled to the databases 92
and 94, as well as to the application 98. The processing device
96 implements instructions, configurations or program codes
of the application 98. The application 98 is configured for
performing the steps of the method as described hereinabove.
The processing device 96 can also be configured to imple-
ment tasks that are self-dedicated.

The input/output device 100 and the alarm 102 are used to
report a file presence, or the detection of a trace indicating that
an imprint of a file portion matches an imprint of a file sig-
nature. The network 104 and/or persistent memory 120 is
accessed via the input/output device 100.

The device 100 can also be used to output information
pertaining to a detected file presence on a channel, such as an
identification of the source 106 and the destination 108
between which the file is being transferred. Other pertinent
information, such as which file is detected and a time of
detection or a time of transmission, or any other information
useful for statistical or monitoring purposes, can be reported.
Device 100 can also be used by a user to set various param-
eters, such as the threshold amount used to verify that a series
of file portions passing over the network do correspond to a
given file. Device 100 can also be used to perform an action
upon a detection of an undesirable file transmission for
example. Multiple devices may be connected together to cor-
relate traces circulating via different network ports. For
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example, 10 devices having a 10 Gb/s capacity can be con-
nected together to monitor a 100 Gb/s connection.

The databases 92, 94, the processing device 96 and the
application 98 (or at least a subset thereof) can be imple-
mented using field-programmable gate array (FPGA) tech-
nology which permits the detection of a file in real-time as it
passes over the network 94 at a data rate of about 10 Gb/s or
more. In order to increase the size of the databases, the FPGA
may be connected to an external memory, such as a DDR2
memory found in a standard PC. Those skilled in the art
would understand that any technology equivalent to FPGA
that provides processing ability, large stocking capability and
speed data rate can be applied.

To serve as an illustration, the above method can be per-
formed by a particular FPGA module 90, which first deter-
mines a file signature by dividing the file into B=4 data
blocks, each of the data blocks having applied a sliding hash
function h, with a hash window W, of 16 bytes. Each one of
the data sub-blocks is assigned to a representation by apply-
ing N hash functions HF;:

HF,(sub-block)=binary value,,; s, c; modulo M; (€8]

where M is an arbitrary constant; i=1 . .. N; and ¢, and M are
chosen such that c, is primary with the constant M and that
both ¢, and M represent an equal number of bits.

The choice of M and ¢, is made to ensure that a maximum
number of values of imprints are possible for the given num-
ber of bits. The system can be implemented using various
logical and arithmetical simplification techniques for calcu-
lating the modulo multiplication. For example, HF, can be
determined entirely in the binary domain with a series of
rotations, additions, and pre-calculated constants.

As an example, given a file portion being hashed into a
sub-packet p[1.16], where M is 25*-1:

HF (x)=(x*c;)modulo M

where x is the binary value of p[1 . .. 16]
To simplify calculations of HF |, consider y=binary value of
pl2 ... 17]. Due to the choice of M:

y=x-256—p/1]+p{17](modulo M); and

HF()=256*HF (x)-HF (p/1])+HF (p/17])(modulo
M)

Since in binary *256 is a left shift of 8 positions (actually a
rotation due to modulo M) and HF,(z) can be pre-calculated
for any z within [0 . . . 255], this method thereby enables very
rapid detection.

The module and the method for detecting a presence of a
file described hereinabove can be adapted for integration with
commutators, routers or other switching and routing devices
used in different network topologies. They can also be
adapted for use with security applications such as anti-viruses
or with various other network applications. Since the module
only looks at file portions, it is non-intrusive. Therefore, it can
be connected to any existing module having physical access
to a Network port.

Asnoted above, files are generally divided into file portions
when they are sent over a network or stored on sectors of a
persistent memory. It is possible that a file portion only cor-
responds to a portion of a data block of'a file being monitored,
and from which a file imprint was determined since file por-
tions may be smaller than the size of blocks. Using sub-blocks
may help resolve this problem. However, the bytes that cor-
respond to an imprint may be at the end of a first packet and
at the beginning of a second packet. In this case, there is no
match. For this reason, certain embodiments described above
include the use of multiple imprints.
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The above can be applied to various types of data files and
formats, compressed or not, such as audio, images, video or
other types of data. Such data can be arranged according to
various dimensions and can also be detected using the above
described methods, including but not limited to: zero-dimen-
sional data such as tree structures (i.e. XML code), one-
dimensional data such as a file, a digital sound recording, ora
file portion for transmission; two-dimensional data such as an
image; and three-dimensional data such as a video. For each
of the above exemplified data types, the detection method
uses elements extracted from the data in accordance with a
given function or pattern. For data having no dimension, an
extracted element can be a sub-tree having a given dimension
K. For one-dimensional data, a sequence of adjacent elements
or blocks can be extracted. For two-dimensional data files
such as an image, an extracted element can be a rectangle, a
circle or any particular shape or illustrated element found in
the image itself. For a three-dimensional data file such as a
video stream, a particular shape such as a rectangle or sphere
which is found in a sub-sequence of the video stream for a
given period of time can be extracted as an element of the file.

In one embodiment, the data transmissions which can be
detected may also be a downloading or an uploading of a web
page or the transmission of emails. The files being monitored
for their transmission can further be associated to file imprints
calculated from a compressed format of the same files. In this
way, both the uncompressed and compressed format of the
file can be detected over the network. In order to save memory
space on the database 92 and 94, the module can also tag a file
instead of storing the entire file.

It is noted that the above described module and method
does not depend on a data transmission protocol which is used
to transmit a file. Hence, the order in which file portions pass
over the network and arrive at the detecting module has no
impact.

While the blocks of the methods in FIGS. 14, 15, 5a and 56
are shown as occurring in a particular order, it will be appre-
ciated by those skilled in the art that many of the blocks are
interchangeable and may occur in different orders than that
shown without materially affecting the end results of the
methods. While the present disclosure is primarily described
as a method, a person of ordinary skill in the art will under-
stand that the present disclosure is also directed to an appa-
ratus for carrying out the disclosed method and including
apparatus parts for performing each described method block,
be it by way of hardware components, a computer pro-
grammed by appropriate software to enable the practice of the
disclosed method, by any combination of the two, or in any
other manner. Moreover, an article of manufacture for use
with the apparatus, such as a pre-recorded storage device or
other similar computer readable medium including program
instructions recorded thereon, or a computer data signal car-
rying computer readable program instructions may direct an
apparatus to facilitate the practice of the disclosed method. It
is understood that such apparatus, articles of manufacture,
and computer data signals also come within the scope of the
present disclosure.

The embodiments of the present disclosure described
above are intended to be examples only. Those of skill in the
art may effect alterations, modifications and variations to the
particular example embodiments without departing from the
intended scope of the present disclosure. In particular,
selected features from one or more of the above-described
example embodiments may be combined to create alternative
example embodiments not explicitly described, features suit-
able for such combinations being readily apparent to persons
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skilled in the art. The subject matter described herein in the
recited claims intends to cover and embrace all suitable
changes in technology.

The invention claimed is:

1. A non-transitory computer readable medium having
stored thereon computer readable instructions for execution
by a processor for detecting a known electronic file, the
instructions configured for:

receiving a portion of a file and extracting content from the

portion;

dividing the content into data blocks;

further dividing each data block into all possible contigu-

ous sub-blocks of fixed width;
applying N functions to all the sub-blocks, resulting in
NxT,, representations being assigned to each data block,
T, being a number of sub-blocks for an i data block, i
varying from 1 to J, ] being a number of data blocks;

selecting one representation per block per function based
on a pre-defined importance selection criteria that one of
maximizes and minimizes the pre-defined criteria,
resulting in N xJ representations being assigned to the
portion of the file, wherein the pre-defined selection
criteria corresponds to one of a highest hash value and a
lowest hash value;
assigning the N xJ representations as file portion imprints;
comparing the file portion imprints to contents of a first
memory containing a plurality of file imprints for known
electronic files to be detected, the file imprints having
been created using at least the N functions; and

determining a match when at least one of the file portion
imprints corresponds to a file imprint in the first
memory.

2. The computer readable medium of claim 1, wherein said
applying N functions comprises applying said N functions
sequentially to said sub-blocks.

3. The computer readable medium of claim 2, wherein said
applying N functions comprises providing an overlap of said
sub-blocks in sequential functions.

4. The computer readable medium of claim 1, further com-
prising, after said comparing said file portion imprints, iden-
tifying extra data surrounding data found in a sub-block used
as one of said file portion imprints, and comparing said extra
data to extra detection data stored in a second memory, said
extra detection data corresponding to extra data surrounding
data found in a sub-block used as said file imprint, and
wherein said determining a match comprises determining a
match when at least one of'said file portion imprints and said
extra data match said file imprint and said extra detection
data, respectively.

5. The computer readable medium of claim 1, wherein
applying N functions comprises applying at least two func-
tions and resulting in at least two file portion imprints, and
comparing said at least two imprints to said plurality of file
imprints.

6. The computer readable medium of claim 1, wherein said
file portion is from a two-dimensional file, and said blocks are
regions of data, or wherein said file portion is from a three-
dimensional file, and said blocks are volumes of data.

7. The computer readable medium of claim 1, wherein said
applying N functions comprises applying a hashing function.

8. A system for detecting a known electronic file compris-
ing:

a processing device;

amemory accessible by the processing device for storing a

plurality of file imprints for known electronic files; and
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at least one application stored in the memory and having at

least one of program code executable by the processing

device and configuration data to configure the process-

ing device, for:

receiving a portion of a file and extracting content from
the portion;

dividing the content into data blocks;

further dividing each data block into all possible con-
tiguous sub-blocks of fixed width;

applying N functions to all the sub-blocks, resulting in
NxT, representations being assigned to each data
block, T, being a number of sub-blocks for an i data
block, i varying from 1 to J, J being a number of data
blocks;

selecting one representation per block per function based

on a pre-defined importance selection criteria that one of
maximizes and minimizes the pre-defined criteria,
resulting in NxJ representations being assigned to the
portion of the file, wherein the pre-defined selection
criteria corresponds to one of a highest hash value and a
lowest hash value;

assigning the NxJ representations as file portion imprints;

comparing the file portion imprints to the file imprints; and

determining a match when at least one of the file portion
imprints corresponds to one of the file imprints.

9. The system of claim 8, wherein at least one of the
memory, the processing device, and a portion of the at least
one application comprises at least one field programmable
gate array.

10. A computer-implemented method for detecting an elec-
tronic file, the method comprising the steps of:

receiving a portion of a file and extracting content from the

portion;

dividing the content into data blocks;

further dividing each data block into all possible contigu-

ous sub-blocks of fixed width;
applying N functions to all the sub-blocks, resulting in
NxT, representations being assigned to each data block,
T, being a number of sub-blocks for an i data block, i
varying from 1 to J, J being a number of data blocks;

selecting one representation per block per function based
on a pre-defined importance selection criteria that one of
maximizes and minimizes the pre-defined criteria,
resulting in NxJ representations being assigned to the
portion of the file, wherein the pre-defined selection
criteria corresponds to one of a highest hash value and a
lowest hash value;
assigning the NxJ representations as file portion imprints;
comparing the file portion imprints to contents of a first
memory containing a plurality of file imprints for known
electronic files to be detected, the file imprints having
been created using at least the N functions; and

determining a match when at least one of the file portion
imprints corresponds to a file imprint in the first
memory.

11. The computer-implemented method of claim 10,
wherein said applying N functions comprises applying said N
functions sequentially to said sub-.

12. The computer-implemented method of claim 11,
wherein said applying N functions comprises providing an
overlap of said sub-blocks in sequential functions.

13. The computer-implemented method of claim 10, fur-
ther comprising, after said comparing said file portion
imprints, identifying extra data surrounding data found in a
sub-block used as one of said file portion imprints, and com-
paring said extra data to extra detection data stored in a second
memory, said extra detection data corresponding to extra data
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surrounding data found in a sub-block used as said file
imprint, and wherein said determining a match comprises
determining a match when at least one of said file portion
imprints and said extra data match said file imprint and said
extra detection data, respectively.

14. The computer-implemented method of claim 10,
wherein applying N functions comprises applying at least two
functions and resulting in at least two file portion imprints,
and comparing said at least two imprints to said plurality of
file imprints.

15. The computer-implemented method of claim 10, fur-
ther comprising extracting content from said portion to
remove noise.

16. The computer-implemented method of claim 10,
wherein said file portion is from a two-dimensional file, and
said blocks are regions of data, or wherein said file portion is
from a three-dimensional file, and said blocks are volumes of
data.

17. The computer-implemented method of claim 10,
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wherein said applying N functions comprises applying a 20

hashing function.

16



